Everyone agrees that research ethics is important. We propose, however, that not everyone agrees on a shared meaning of research ethics. Rather, they embrace divergent meanings that reflect their priorities, which arise from their personal needs, professional demands, or roles in society. The production of new knowledge-that is, the conduct of research-depends on people who represent many different groups: compliance officers, educators, principal investigators (PIs), trainees, lab staff, citizens, legislators, journal editors and publishers, and funding agencies. In turn, each is a stakeholder in research: In different ways, they each stand to benefit when research is conducted well and to lose when it is conducted badly.
In this Perspective, we explore five different dimensions of research ethics. We identified these dimensions through conceptual analysis of statements we have encountered across a cumulative 25 years of developing curricula for the responsible conduct of research (RCR), [1] [2] [3] [4] [5] [6] [7] [8] assessing RCR instruction programs and factors related to research integrity, [9] [10] [11] [12] [13] [14] [15] working with researchers who have had difficulties with research compliance, 16, 17 and serving Clinical and Translational Science Award programs that include cores in clinical research ethics, research design, and community engagement. 18 We define research ethics as "doing good science in a good manner." By "good science," we mean science conducted according to common standards of excellence-for example, the criteria used by National Institutes of Health (NIH) scientific study sections: the study addresses a significant topic with a premise supported by data; the study team is competent; the study involves novelty that advances the field; the approach utilizes rigorous methods; and the research environment provides appropriate resources. 19 By "in a good manner," we mean following all of the steps necessary to satisfy rules for RCR, including appropriate data storage, management of conflicts of interest, protection of human participants and animal subjects, proper lab safety, honest reporting of findings, proper citation of sources, and timely reporting of protocol deviations or serious adverse events to appropriate compliance offices. 20, 21 The need for a framework for research ethics arises in part from the fact that research ethics has been specified to the point of being disjointed. To illustrate, the office of research at our institution has 17 distinct compliance offices each corresponding to distinct federal requirements from animal care to export controls.
In conducting a conceptual analysis of the domains of research ethics based on stakeholder perspectives, we sought to identify dimensions that:
1. reflect an aspect of doing good research in a good manner;
2. are conceptually distinct, even if somewhat overlapping with other dimensions;
3. have distinct practical implications for determining champions of, ideal audiences for, and interventions to foster the dimension; and 4. are useful in organizing several more specific subtopics within the dimension (i.e., the dimensions are "midlevel" concepts that are more specific than "research ethics" and more general than "informed consent").
We argue that each of the five dimensions is important not only because each addresses an aspect of good research done in a good manner but also because 
Five Dimensions of Research Ethics
We have identified five core dimensions of research ethics: (1) normative ethics, which includes meta-ethical questions; (2) compliance with regulations, statutes, and institutional policies; (3) the rigor and reproducibility of science; (4) social value; and (5) workplace relationships. Most dimensions are important to multiple groups; yet, in our experience, certain groups tend to express concerns about issues within a certain dimension more than other groups do. Below, we describe each dimension and its groups of primary stakeholders. We illustrate some of the specific topics subsumed under each dimension through a series of questions commonly addressed when engaging the dimension.
Normative ethics
Normative ethics is ethics in the classic sense of determining what is right and wrong. 22 Normative research ethics examines questions 23 such as:
• "Is informed consent necessary when patients are randomized to different, commonly accepted standards of care?"
• "Is conducting harmful research on nonhuman animals that appear highly intelligent (e.g., chimpanzees and gorillas) ethical when the outcome may benefit humans?"
• "Are some research questions (e.g., about the connection between genetics and traits such as criminality) forbidden if the consequences of the resulting knowledge could be socially harmful?"
Insofar as many different groups support research (or are complicit in research)-including not only researchers but also research institutions, funding agencies, taxpayers, publishers, and members of the public who consume the fruits of research-we are all stakeholders in normative ethics. Still, we believe that philosophers and policy makers tend to express concerns about normative ethical issues in research more than the average researcher working in a laboratory.
Compliance
Compliance consists of many different activities aimed at ensuring that those involved in actually conducting research (PIs, trainees, lab staff) follow federal research regulations, state laws, and institutional policies while they carry out their investigations. 24 Compliance programs may address questions such as:
• "Which training programs are mandatory and for whom?"
• "When noncompliance-especially serious or persistent noncomplianceoccurs, when does it need to be reported, to whom, and how?"
• "What procedures can help a research team ensure that all informed consent forms have the proper stamp, date, and signature?"
Compliance rules often express commitment to an underlying value. For example, the value of participant self-determination underlies informed consent rules, and good stewardship of taxpayer dollars underlies rules about allowable costs on grants. Viewed from this perspective, everyone associated with research in some fashion has a stake in compliance. Nevertheless, different groups are primary stakeholders in different regards. Institutions and researchers frequently express concerns about administrative burdens and potential penalties; oversight bodies express concerns about noncompliance and their ability to enforce rules; and legislators express concerns when they receive reports of harm resulting from noncompliance. Researchers tend to express concerns particularly when compliance threatens other dimensions of research ethics, such as the timely conduct of rigorous research that could be of immediate social value.
Rigor and reproducibility
Rigor and reproducibility gets at the heart of what researchers typically mean by "good science." 25, 26 Within the biomedical sciences, programs focused on enhancing the rigor and reproducibility of research ask questions such as:
• "Has the study included animal subjects or human participants from both biological sexes to foster the generalizability of findings?"
• "Have biological resources such as cell lines or antibodies been authenticated?"
• "Have data been appropriately documented and deposited in a repository to enable replication studies?"
Researchers care deeply about such matters. Their work is motivated by the desire to discover truth and to develop new technologies-neither of which can occur when research is conducted in a sloppy manner. Because rigor and reproducibility largely constitute good science-the only kind of science that can offer social value and justify risks to subjects and financial investment in research 27 -everyone is a stakeholder in this dimension. Still, as a general rule, researchers, peer reviewers, and funding agencies express the greatest concern about scientific rigor and reproducibility as evidenced by new NIH guidelines on rigor and reproducibility for applicants and peer reviewers, 25 editorials by publishers, 26, 28 and the growing body of literature by scientists on these matters.
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Social value
Social value means that research addresses problems of importance to society, generating knowledge used to solve real-world problems through new technologies or procedures. [32] [33] [34] [35] Those who seek to promote social value may ask questions such as:
• "Does the study address a socially important topic?"
• "Has the public been engaged to identify priorities, and have these priorities been truly considered in developing research questions?"
• "Does the study include an appropriate follow-up or dissemination plan to ensure that it has its intended impact?" 18 Traditionally, groups that advocate improved health and education, congressmen and congresswomen who approve federal research budgets, and community-engaged researchers who support the needs of a population have all expressed the deepest concerns about this dimension. At times, researchers have lamented the shift in focus at NIH and other agencies from basic, bench science to translational science.
39,40
Workplace relationships
Workplace relationships-at least labeled as such-may be a newly identified aspect of research ethics. Although researchers may not have considered this dimension much previously, we believe it is integral to doing good research in a good manner. The specific form that respectful and effective workplace relationships take may vary significantly across cultures with different hierarchies and different workload expectations. Still, we submit that every culture harbors those who are good to work with (and for), and those who are not. The workplace relationships dimension of research ethics entails questions such as:
• "Do members of the research team welcome diversity and treat one another with respect?"
• "Does the PI set workloads and deadlines reasonably to enable work to be done without cutting corners or compromising quality?"
• "Does open communication enable team members to express concerns about the quality of work or the work environment?"
In the broadest sense, everyone is a stakeholder in workplace relationships because when relationships turn sour, the risk of poor work performance, staff turnover, and even intentional sabotage increases, which can, in turn, threaten the quality of science [41] [42] [43] ; nevertheless, the most obvious stakeholders in this dimension are researchers themselvesPIs, graduate students, postdocs, and research or lab staff. Typically, research staff and trainees-those who work fulltime in research labs and teams-have less power than PIs and express the greatest concerns about workplace relationships. Of course, workplace relationships also include researchers' relationships with compliance officers, grant administration staff, journals, and even funding agencies-as well as those stakeholders' relationships with one another.
Intersection of Dimensions and Potential Conflicts
While we have presented the five dimensions as distinct, each is related to other domains, often so intimately that researchers cannot fulfill obligations in one dimension without fulfilling at least some basic obligations in others; however, at other times, the dimensions may conflict. We illustrate below how dimensions may overlap or conflict by examining the question of informed consent in pragmatic cluster randomized trials.
Consider a trial that randomizes primary care provider groups to receive an educational reminder and feedback on practices (following review of patient records) to promote adherence to radiology guidelines for ordering lumbar spine x-rays. 44 Such studies are often praised for their social value: They have the ability to affect real-world medical practices, improving patient care while reducing costs. Yet, to achieve their aims, they must recruit entire practices of physicians in sufficient numbers to generate adequate statistical power. From a compliance perspective, the question of informed consent in pragmatic trials has been debated. 45 Is the consent of individual physicians within a practice required? Is the consent of patients required if the study will involve patient record review or if it might affect their treatment? The answer to these questions will affect scientific rigor and reproducibility. If physicians within a practice can opt out, then the effects of the intervention may be confounded by opt-out rates within practices; and if physicians know the study focuses on radiology guidelines, then even those in a control group may read the guidelines, again confounding the effects of the intervention. The question of consent may also be treated as a question of workplace relationships. Can one representative of a physician practice speak on behalf of all physicians in the practice? If the physicians have not been consulted, how will this affect team morale when study results are published? How might patient trust be affected if the patients themselves are not engaged in such studies? If questions of consent are treated not only as a matter of compliance but as one of normative ethics, then all of the proceeding considerations may come into play as diverse principles and values are balanced. 46, 47 Recognizing the five dimensions of research ethics will not resolve conflicts between them; however, considering these dimensions might change the nature of the debates. Instead of viewing conflicts between compliance and research rigor, for example, as a conflict between research ethics and good science, researchers may realize that the conflict actually represents two dimensions of the complexity that is research ethics. This realization adds weight to the need both to consider all dimensions seriously and to advocate for regulatory reform or institutional change when appropriate. Similarly, in the world of financial conflicts of interest in research-for example, those arising from the sponsorship of clinical trials by industry-researchers may acknowledge not only the need to avoid bias due to financial interests (representing the dimensions of compliance and rigor and reproducibility) but also the need to innovate and disseminate (the dimension of social value). Treating both needs as a matter of research ethics adds gravitas to the discussion and might inspire parties to seek novel approaches to managing bias and risks. 48 Are We Missing the Most Important Elements?
In his seminal 1966 article "Ethics and Clinical Research," Henry Beecher 49 referred to "the presence of an intelligent, informed, conscientious, compassionate, responsible investigator" as the most reliable safeguard in clinical research. Likewise, the International Conference on Harmonisation's guidelines for clinical investigators hold individual investigators responsible for ensuring compliance, obtaining informed consent, and protecting the rights and welfare of participants. 50 Readers might then ask why we have not included the integrity of researchers as a core dimension.
Similarly, the matter of organizational climate of research integrity has received increasing attention. A new measure of an organization's research integrity climate-which includes dimensions such as regulatory support and research integrity socialization-has been used to demonstrate a relationship between institutional climate and self-reports of more positive researcher behaviors. 51 In fact, when the U.S. Research Council addressed research integrity in its seminal 2002 report, 52 it focused explicitly on the integrity of individual researchers and the integrity of research environments, arguing that these are the two pillars of ethical research.
Our framework supports and further elucidates these emphases on individual and organizational research integrity. From the earliest days of discussion of virtue 53 through modern discussion of the formation of moral identity and character, 54 philosophers and educators have seen that integrity is reflexive: We attribute good actions to integrity, yet good actions are also constitutive of integrity. Put another way: It is not possible to maintain personal integrity or a climate of integrity without demonstrating it through ethical behavior-and without personal integrity and a climate of integrity, ethical behavior will not be consistent. Our five dimensions define how personal integrity and a climate of research integrity at all levels-the lab, the department, and the organization-are both constituted and expressed. Thus, personal integrity and climate of research integrity appear as bookends with two-way arrows in Chart 1, illustrating that they are necessary for and derived from the five dimensions.
Implications
Any simple framework for understanding something as socially complex as ethics in research is necessarily incomplete; however, such a framework does offer value if it is useful in guiding decision making and action. Our framework of five research ethics dimensions can guide institutions as they answer three questions central to any Positive workplace relationships can be fostered by institutional leaders in diverse ways: recognizing exemplary mentors, providing leadership training workshops, and publicizing best practices for constructive communication, including how to hold effective meetings, how to support diversity and inclusion, and how to be approachable to (and protect) those who express workplace concerns. Normative ethics can be engaged through courses that include case study discussion and the application of basic principles, values, or virtues to problems. Once the five dimensions of research ethics are recognized, the inadequacy of providing key personnel with online learning modules and trainees with eight hours of didactic instruction becomes apparent.
Conclusions
The academic research community needs a broader concept of research ethics experts: People who lack expertise in one dimension may be the ideal leaders or champions in another dimension. The research community also needs a broader concept of who should participate in interventions; for example, a seasoned PI may need support in managing compliance, personnel, or data from multiple sites (and may not know that such support is needed), while an institutional research compliance officer may need a briefing on how community members actually view alleged risks in research. Finally, the research community must realize that research ethics requires institutions to transcend themselves, to engage communities, policy makers, and funding agencies to ensure that research abides by genuinely ethical principles and serves the needs of society. These dimensions may conflict with one another; when they conflict, processes should be established for resolving conflicts while acknowledging that each of the dimensions is essential in an ethical research climate.
Notably, in identifying and describing five dimensions of research ethics, we are not suggesting that trainees or investigators need more online training or further institutional review board approvals. Rather, we believe that the research community needs leaders with a broad vision of research ethics-leaders who recognize that fostering research ethics cannot be delegated to any one individual or even one group of stakeholders. As we illustrate in Chart 1, a climate of research integrity results from a visible commitment to the priorities of diverse stakeholders in the research enterprise; once established, such a climate sustains ethics in all five dimensions. Personal integrity operates in a similar manner: Personal integrity is needed to engage each of these dimensions successfully, yet engaging them successfully is also partially constitutive of the integrity of researchers.
Considering how much an academic health center spends-in terms of both money and time-on research compliance each year, it is not outrageous to suggest that a research institution's chief executive officer (CEO) might convene a multistakeholder research ethics committee including appropriate leaders who, collectively, have expertise in all five dimensions. Such a committee could design a plan addressing each area in Chart 1, track progress, and report annually to the CEO. In principle, this approach could lead to greater efficiency by playing to existing but untapped expertise while reducing gaps in research ethics programs. To be clear, not all endeavors need to be framed or marketed as research ethics. Some of the dimensions address matters of human resources, economic impact, or scientific skill; if audiences are more receptive to research ethics activities when framed in these ways, then such alternate frames may be beneficial. Still, recognizing all of these dimensions as aspects of an institution's climate of research integrity ensures that each of us will take into consideration the many dimensions of ethics integral to the research enterprise. 
